ADMS-Roads
Extra

Air Quality Management System
Version 4.1

Emissions
Castle Street - Road Mewt >
Pollutant species Emigsions
e Delete Delete al Al polutants user defined
& . . X
Pollutart name Emission rate (g/kmds] | Calculate emissions using biaffic laws
[ - 241782
NOx 1.46780e-01
P10 1.07838e-02
waC 5754 T7e 3 D:\Examples\Example6a.upl EI =] @
Properties File Run! Results Utilities Emissions inventory  Help
Year: 2017 Setup T Source T Meteorolagy T Background T Grids T Output
- Type: | England [urban)
Road sources | Mumber of road souces = 8 Emissions. ..
Traffic lows
X " Groups New Fnad Delete | Delete al | Geomelry... |
New Delete Delete all Emission Factors g/km
Vehicle categorp #verage speed | Vehicle count MNOw P10 P4 . Automatic calculation of road traffic emissions
km#hr /hr Mame Elevation | Foad Canyon
Light duty vehicle - Ell] oo 0.326 0.034 of road [m]| width (m] | height [m] Dataset UK EFT w7.0 [2VC e
Heavy duty vehicle Ell 700 3.000 0.150 Bty 2 51 175 aset 702V _Crange... |
Castle Strest 1] 15.3 aa Emission vear 2017 Set.
Chesterton Road 1] 12 0
Jesus Lane g 14 128 Fioad type: England [urban)] Set.
— tdagdalene Strest 1] 159 167
Total vehicle count /hi &0 4 Morthampton Strest 0 147 1.2
Park Strest 1] 12 13
Follutants... ictoria Avenue 1] 10 0
Click, thiz button to display the emissions from the previous zouce b
B Mapper -
File Edit Help
¥ XIBT MWTASGO ¢ @av M [ Time varying emission factors Hourly factors [Fioad)
Legend )
=1 [V Point saurces (0) B
* Select this button to show the individual source data Min: Max:

=~ ¥iLine sources (0)

=1 [Road sources (5)

= Wrea sources (1)

= WV oums souress (0)
= [ Output grid extent

= [\Output poirts (961)
+

- [V NOxugin3

Select then click on map to retiieve information about features %: 544,718.28 Y- 259,396.47 | Ediing: None | Scale: 1:7.870

User Guide CERC




Copyright © Cambridge Environmental Research Consultants Limited, 2017



ADMS-Roads Extra

An Air Quality Management System

User Guide

(A Supplement to the ADMS-Roads User Guide)

Version 4.1

February 2017
Cambridge Environmental Research Consultants Ltd.

3, King’s Parade
Cambridge
CB21SJ
UK

Telephone: +44 (0)1223 357773
Facsimile: +44 (0)1223 357492
Email: help@cerc.co.uk
Website:  www.cerc.co.uk






Contents

SECTION 1

111
1.1.2
1.13
1.14
1.15

1.2 Import and Export

121
1.2.2
1.2.3
124

1.3 Technical Summary

131
1.3.2

APPENDIX A

BUIAINGS oo
1.1 Model Options

Building effects

Defining buildings

Defining the ‘main building’ for each source
Guidance

Outputs: .bef, .bld and .bwk files

.bpt file

Select files to import
Building settings
Export

Determination of the ‘effective building’
Limitations

MO LIS e e e

~NOoO OTwww

© 00 00 00 00

ADMS-Roads Extra User Guide

Page i



Contents

Page ii ADMS-Roads Extra User Guide



SECTION 1 Buildings

1.1

111

1.1.2

Model Options

Building effects

Chimney stacks often protrude from the roof of a building or are attached to the side of
a building on industrial sites.

Buildings can have a significant effect on the dispersion of pollutants from sources
and can increase the maximum predicted ground level concentrations. The main effect
is to entrain pollutants into the cavity region in the immediate leeward side of the
building, bringing them rapidly down to ground level. As a consequence,
concentrations near the buildings are increased but further away they are decreased.

The buildings module in ADMS-Roads Extra allows the user to enter up to 25
buildings in any one run. However, this does not mean that this many buildings should
be included in a given run and consideration must be given as to which buildings to
include.

For each source, the program combines the individual buildings into a single effective
building for each wind direction in the meteorological file, the height of which is the
height of the building specified as the main building for that source. (This is described
in more detail in Section 1.3.)

The effect of buildings on dispersion can only be modelled for point sources. Other
types of sources may be included in the modelling run, but the effect of the buildings
on dispersion from these sources will not be modelled. In order to model building
effects for a line, area, volume or road source, the source should be modelled as a
number of point sources.

The effects of buildings/structures alongside road sources should be modelled using
the street canyon, or advanced street canyon model options.

Defining buildings

Select the Buildings button on the Setup screen and click Enter parameters... to go to the
Buildings screen shown in Figure 1.1.
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SECTION 1- Buildings

Buildings

New Delete Delete all |
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Figure 1.1 — The Buildings screen.

The user may add or remove buildings in the table using the New, Delete and Delete all
buttons, respectively. At least one building and up to 25 may be specified, each
defined by the following parameters.

1.

Main: The user must define one ‘main building’ by placing a tick in this
column. This is likely to be the building that has the most significant effect on
dispersion. To change the main building, double click in the Main column or
type Y or N to display or remove the tick.

Default = a tick appears next to the first building created.

Note that the main building defined in this screen is the default main building.
Source-specific main buildings are defined on the Source screen (refer to
Section 1.1.3 for further details).

Name: The model will use a default name when a new building is added (e.g.
Building001). The user is advised to change this to something more meaningful
(e.g. boiler house). Building names must not contain commas.

Shape: Shape of the building, either Rectangular or Circular. To change the shape
of the building click on the cell.

Default = Rectangular.

X (m): X coordinate of the centre of the building
Y (m): Y coordinate of the centre of the building

Minimum = -9 999 999 m
Maximum =9 999 999 m
Default=0m

The large maximum value allows the user to input UK National Grid
coordinates or worldwide UTM (Universal Transverse Mercator) coordinates.
Note that the building position should be specified in the same coordinate
system as the source position and output grid.

Height (m): Height of the building.

Minimum = 0.001 m
Maximum =500 m
Default=10m

Page 4
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SECTION 1- Buildings

6. Length (m): length of a rectangular building or diameter of a circular building.
For a rectangular building this is simply one horizontal dimension.

Minimum = 0.001 m
Maximum =1 000 m
Default =10 m

7. Width (m): Width of a rectangular building, not necessarily smaller than the
length. This parameter is not used for a circular building.

Minimum = 0.001 m
Maximum =1 000 m
Default =10 m

8. Angle (°): The angle between north and the previously defined Length, measured
clockwise from north. This is not used for a circular building. See Section 1.2
for a diagram and more information.

Minimum = 0°
Maximum = 360°
Default = 0°

To duplicate an existing building right-click on the name of the building and select
Copy.

1.1.3 Defining the ‘main building’ for each source

The user may specify a ‘main building’ for each source, i.e. indicate which building is
likely to have the most effect on dispersion from that source. Figure 1.2 shows the
Source screen when Buildings are selected in the Setup screen. In the Main building
column for each source the user may select a building from the list to define as the
Main building for that source. The list includes all the named buildings defined in the
Buildings screen, as well as “(Main)” and “(None)”.

If “(Main)” is chosen then the building defined as the Main building in the Buildings screen
will be the main building for this source. This is the default selection.

If “(None)” is selected then building effects will not be modelled for this source. This
might be useful, for example, where the user knows that a source lies outside the
region of influence of all buildings and wishes to keep run-times to a minimum.
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SECTION 1- Buildings
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Figure 1.2 — The Source screen when a building is present.

Guidance

Wherever possible, a complicated site with a large number of buildings should be
simplified. The user should consider the building or buildings to which the sources are
attached or to which they are nearest.

A few hints and tips for modelling buildings are listed below.

e Buildings such that the building height, H, is less than a fraction (1/a) of the
source height are ignored when setting up the effective building, so need not be
entered. Where =1 + 2*min(1,W/H), where W is its crosswind width.

e  Where there is a cluster of similar buildings on a site such as a row of
warehouses, the user may decide to enter them as a single building.

e If there are a large number of buildings on a large site, the user should consider
whether to include those that are nearest to/attached to the sources and/or those
that will have the greatest effect on dispersion (tallest/largest), or consider a
higher surface roughness, which can be entered in the Meteorology screen, as a
means of representing the buildings in a complex site.

e The effect of buildings on dispersion can only be modelled for point sources.
Other types of sources may be included in the modelling run, but the effect of
the buildings on dispersion from these sources will not be modelled. In order to
model building effects for a line, area, volume or road source, the source
should be modelled as a number of point sources.

e Sources inside buildings cannot be modelled, though sources on the sides or
roof of a building can be modelled.

Page 6

ADMS-Roads Extra User Guide



SECTION 1- Buildings

1.1.5 Outputs: .bef, .bld and .bwk files
These files are related to the Buildings module.

The .bef file (effective building) contains the coordinates of the effective building for
each source and line of meteorological data.

The .bld file (buildings) contains the dimensions of buildings input to the model as
well as some parameters calculated during the run (including the region affected by
the presence of buildings, the cavity and cavity concentration). Output values are
usually given for the first 24 lines of meteorological data only, in order to prevent the
file from becoming too large. However, the file can be extended if required, as
described in Section 4.16 of the ADMS-Roads User Guide.
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SECTION 1- Buildings

1.2 Import and Export

ADMS-Roads Extra can import and export buildings data in addition to source, group and
pollutant data.

1.2.1 .bpt file

The .bpt file contains data for all buildings. The first line of the .bpt file must contain
the version information BpTversioni. The header line details and data required are
described in Table 1.1. Each building is represented by a separate row of data.

Header Description

Name Building name.

Shape Shape of the buildings. Enter the keyword
Rectangular Of Circular.

X (m) X coordinate of the building centre, in metres.

Y (m) Y coordinate of the building centre, in metres.

Height (m) Height of the building, in metres.

Length (m) / Diameter (m) | Length of arectangular building or diameter of a circular
building, in metres.

Width (m) Width of a rectangular building, in metres.

Angle (degrees) Angle the length of a rectangular building makes with
north, measured clockwise in degrees.

Table 1.1 — Data to be entered in the .bpt file.

1.2.2 Select files to import
On the first screen of the Import wizard there is an extra option for importing buildings:
Buildings, (.bpt) — select this option to import buildings. The Buildings option is only
available if Buildings is selected in the Setup screen of the ADMS-Roads Extra

interface. As with .ppt files, the .bpt file associated with the .spt file is used by default,
but an alternative file can be selected.

1.2.3 Building settings

If buildings are being imported and some buildings are already defined in the ADMS-
Roads Extra interface, the Building settings screen will appear, shown in Figure 1.3.
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SECTION 1- Buildings
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File containg 1 buildings

Haow do wou want boimpart the buildings?
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Cancel

Figure 1.3 — Building settings screen of the Import wizard.

This screen has four options:

e Replace all the buildings — all buildings from the .bpt file will be imported. All
existing buildings will be deleted

e  Merge the buildings, overwriting existing buildings — all buildings from the .bpt file
will be imported. Any existing buildings will be kept providing their names
don’t match any in the .bpt file.

e  Merge the buildings, keeping existing buildings — all existing buildings will be kept,
any buildings whose names don’t match an existing building will be imported

e  Keep all the existing buildings — no buildings will be imported

1.2.4 Export

It is possible to export building data from ADMS-Roads Extra using the Export option

from the File menu, as with source, group and pollutant data.
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SECTION 1- Buildings

1.3

Technical Summary

The building effects module is used to calculate the dispersion of pollution from point sources
near large structures. The ADMS-Roads Extra model of building effects has the following
features.

Up to 25 cuboidal or cylindrical buildings may be defined by the user in terms of their
height, length, width and orientation (latter two parameters are disregarded for
cylindrical buildings). A main building is defined for each source (refer to Section
1.1.3 for advice on the choice of main building.) Then, for each wind direction the
buildings are reduced to a single cuboidal effective wind-aligned building whose
height is a function of the height of the main building (see Section 1.3.1).

The disturbed flow field consists of a recirculating flow region or cavity in the lee of
the building, with a diminishing turbulent wake downwind.

Concentrations within the well-mixed recirculating flow region are uniform and based
upon the fraction of the release that is entrained.

The concentration at a point further downwind is the sum of two contributions: a
ground-level plume from the recirculating flow region and an elevated plume from the
non-entrained remainder. The turbulent wake reduces plume height and increases
turbulent spread.

The concentration and deposition are set to zero within the user-defined buildings.

The building effects module interacts with the rest of ADMS-Roads Extra, using the
underlying concentration profiles, but with modified plume height and plume spread. The
stages in the analysis of building effects are illustrated in Figure 1.4, while Figure 1.5 shows
how a complex of buildings is treated.

Page 10
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SECTION 1- Buildings

1.3.1 Determination of the ‘effective building’

The effective building is derived by the following algorithm:

1.

Circular buildings are converted to ‘equivalent’ square blocks, with the same
centre as the input circular building and side length D; /\/5 oriented such that
the wind is normal to the building face.

Any buildings of height less than a fraction 1/« of the source height are
ignored, where

(1.1) a=1+2 min[l,%J
Hi

where Wi; is the crosswind width of building i.

Any buildings that are greater than a certain distance from the plume centreline
in the crosswind direction are ignored.

Specifically, a building will be ignored if all its vertices are greater than
0.5 oy(|x|) from the plume centreline in the crosswind direction, where X is
distance from the source in the alongwind direction, and oy(x) is the horizontal
plume spread (not including building effects) at distance x downwind of the
source (see example in Figure 1.6).

Building 1

Building 2

Building 3

Figure 1.6 — Example source and building configuration. Buildings 2 and 3 will be
included in the effective building, but building 1 will not.

The user specifies which is the main building; Hg and & are the height and
orientation of this unit.

Multiples of 90° are added or subtracted until -45° < 5 < 45°. A different main
building may be selected for each source. If the main building is not tall
enough to be considered, according to 2 above, then no buildings are modelled
for that source. If the main building is too far from the plume centreline,
according to 3 above, then an alternative main building is automatically
selected. The new main building will be that with its centre closest to the
source, of those that are able to modelled according to 3.

A subset X'is then defined by the main building plus all other buildings (a) that
are at least 0.5 Hg high and (b) whose projected crosswind and along-wind
separations from another subset member do not exceed half the projected
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SECTION 1- Buildings

crosswind width of the main building.

6. In the general case where X includes more than one building, Wg is the
projected crosswind width and Lg is the along-wind projection from the
furthest upwind mid-face to the furthest downwind mid-face, as illustrated in
Figure 1.7.

crosswind

along-wind

Figure 1.7 — Effective building for case where Y'includes two buildings. The grey
shaded rectangles represent the user-input buildings and the grey open rectangle
represents the effective building.

7. Inthe special case where X only includes one building, Le = min(Lg, Lp) where
Lp is the along-wind length of the building, as seen when travelling along the
wind direction, and L is the along-wind projection from the furthest upwind
mid-face to the furthest downwind mid-face described in 6, as illustrated in
Figure 1.8.

crosswind

along-wind

Figure 1.8 — Effective building for case where X only includes one building. The grey
shaded rectangle represents the user-input building and the grey open rectangle the
effective building.

1.3.2 Limitations
The buildings module is based on experiments in which there was one dominant site
building and several smaller surrounding buildings less important for dispersion.

The buildings module only affects point sources. Other sources may be present in the
same run but the effects of buildings on these sources will not be considered.
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APPENDIX A Model Limits

The types of source available (Point, Line, Area, Volume, and Road) are described in Section
3.2 of the ADMS-Roads User Guide. Overall restrictions are as follows.

e The maximum number of road sources is 600 each with up to 50 vertices (i.e. over
25 000 roads links).

e The maximum number of industrial sources is 65 (25 point, 5 line, 10 area and 25
volume sources).

e  The maximum number of user-defined groups that can be created and run in one .upl
file is 20. Additionally a group containing all of the sources can be modelled.

e The maximum number of pollutants that can be entered into the pollutant palette is 31.
The number of pollutants that may be emitted by any source, or included as output
from the model, is 12.

Table A.1 shows which model options can be used with each type of source, and with
multiple sources.

Line, area or Road
Model option Point source volume
sources

source
Deposition v v v
Chemistry v v v
Complex terrain v v v
Urban canopy v v v
Buildings v 1 1
Time-varying sources v v v
Odours v v v

Table A.1 - Availability of model options with different source types.

1. Line, area, volume and road sources and buildings can be included in the same run but
the effect of the buildings will be ignored for these sources.

Short-term output is available both with single and multiple source output. Line plotting
output is only available with single source, short-term gridded output. Long-term output is
not available with single source output, the groups option must be selected on the Output
screen if long-term output is required.

To calculate long term output for a single source, create a group containing just that source
and select the group on the Output screen.

All Model options on the Setup screen can be used together, with the exception of Odours
which cannot be used with the Chemistry option. In addition, when the Odours option is
selected, the Calculate emissions using traffic flows option for road sources cannot be used. The
Urban canopy flow option cannot be used with the Complex Terrain or Buildings options.
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